The effects of homocysteine and copper ions on the concentration and redox status of thiols in cell line cultures.
Different fractions (reduced and total) of thiols (homocysteine, cysteine and glutathione) were determined in HeLa cell cultures with and without addition of copper ions and/or homocysteine. In cell cultures without any addition the concentration of all intracellular thiols increased between 1 and 24 h of culture. Glutathione had the highest, whereas homocysteine showed the lowest, proportion of the reduced form. In the medium, there was a decrease of total cysteine during the incubation, but the amount of extracellular reduced cysteine increased. Both homocysteine and glutathione were released into the medium. The amount of exported homocysteine during the incubation exceeded several-fold the intracellular amount. There were no signs of cell toxicity induced by the high amounts of extracellularly added homocysteine (2000 mumol/l) in HeLa cell cultures, except a slight decrease in the concentration of intracellular glutathione. After the addition of copper ions (500 mumol/l) there was a retarded cell growth, decreased intracellular concentration of glutathione, increased release of glutathione into the medium and a lower proportion of all intra- and extracellular reduced thiols. After the addition of both copper ions and homocysteine to HeLa cell cultures, similar changes as with the addition of copper ions were noted except that the cell growth was still more retarded and that a very high level of intracellular homocysteine was noted at 1 h of incubation. N-acetylcysteine lowered, in these experiments, the intracellular accumulation of homocysteine and restored, to some extent, the cell growth. In an endothelial cell line even the presence of 500 mumol/l of homocysteine and 50 mumol/l of copper ions inhibited the cell growth and decreased the cellular level of glutathione. Whilst the levels of homocysteine in our short-time cell culture experiments are higher than the mild hyperhomocysteinemia thought to be atherogenic in humans (20-30 mumol/l), it is conceivable that over a longer time-course (several decades) these lower levels of homocysteine in the presence of copper ions could be sufficient to induce cellular effects similar to those found in the present study, eventually leading to atherosclerosis.